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The International Energy Agency (IEA) was established in 1974 as an autonomous agency within the
framework of the Organisation for Economic Cooperation and Development (OECD) to carry out a
comprehensive program of energy cooperation among its 25 member countries and the Commission of the
European Communities.

An important part of the Agency’s program involves collaboration in the research, development and
demonstration of new energy technologies to reduce excessive reliance on imported oil, increase long-term
energy security and reduce greenhouse gas emissions. The IEA’s R&D activities are headed by the
Committee on Energy Research and Technology (CERT) and supported by a small Secretariat staff,
headquartered in Paris. In addition, three Working Parties are charged with monitoring the various
collaborative energy agreements, identifying new areas for cooperation and advising the CERT on policy
matters.

Collaborative programs in the various energy technology areas are conducted under Implementing
Agreements, which are signed by contracting parties (government agencies or entities designated by them).
There are currently 40 Implementing Agreements covering fossil fuel technologies, renewable energy
technologies, efficient energy end-use technologies, nuclear fusion science and technology, and energy
technology information centres.

The Solar Heating and Cooling Programme was one of the first IEA Implementing Agreements to be
established. Since 1977, its 21 members have been collaborating to advance active solar, passive solar and
photovoltaic technologies and their application in buildings.

Australia Finland Norway

Austria France Portugal

Belgium Italy Spain

Canada Japan Sweden

Denmark Mexico Switzerland

European Commission Netherlands United Kingdom

Germany New Zealand United States

A total of 29 Tasks have been initiated, 20 of which have been completed. Each Task is managed by an
Operating Agent from one of the participating countries. Overall control of the program rests with an
Executive Committee comprised of one representative from each contracting party to the Implementing
Agreement. In addition, a number of special ad hoc activities--working groups, conferences and workshops--
have been organised.



The Tasks of the IEA Solar Heating and Cooling Programme, both completed and current, are as follows:
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To receive a publications catalogue or learn more about the IEA Solar Heating and Cooling Programme visit our
Internet site at KWWS���ZZZ�LHD�VKF�RUJ or contact the SHC Executive Secretary, Pamela Murphy, Morse Associates
Inc., 1808 Corcoran Street, NW, Washington, DC 20009, USA, Tel: +1/202/483-2393, Fax: +1/202/265-2248, E-mail:
pmurphy@MorseAssociatesInc.com.
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Within the programme of Energy Conservation in Buildings and Community Systems the IEA is carrying
out various exercises to predict more accurately the energy use of buildings, including comparison of
existing computer programs, building monitoring, comparison of calculation methods, as well as air quality
and studies of occupancy. Overall control of the programme is maintained by an Executive Committee,
which not only monitors existing projects but also identifies new areas where collaborative effort may be
beneficial. The twenty-one members of the programme are:
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Belgium Greece Portugal

Canada Israel Sweden

Denmark Japan Switzerland

European Commission Netherlands Turkey

Finland New Zealand United Kingdom

France Norway United States

A total of 35 projects, called Annexes have been initiated, 26 of which have been completed. In the list
below completed projects are identified by *:
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Annex 3 (QHUJ\�&RQVHUYDWLRQ�LQ�5HVLGHQWLDO�%XLOGLQJV�
Annex 4 *ODVJRZ�&RPPHUFLDO�%XLOGLQJ�0RQLWRULQJ�
Annex 5 $LU�,QILOWUDWLRQ�DQG�9HQWLODWLRQ�&HQWUH
Annex 6 (QHUJ\�6\VWHPV�DQG�'HVLJQ�RI�&RPPXQLWLHV�
Annex 7 /RFDO�*RYHUQPHQW�(QHUJ\�3ODQQLQJ�
Annex 8 ,QKDELWDQW�%HKDYLRXU�ZLWK�5HJDUG�WR�9HQWLODWLRQ�
Annex 9 0LQLPXP�9HQWLODWLRQ�5DWHV�
Annex 10 %XLOGLQJ�+9$&�6\VWHPV�6LPXODWLRQ�
Annex 11 (QHUJ\�$XGLWLQJ�
Annex 12 :LQGRZV�DQG�)HQHVWUDWLRQ�
Annex 13 (QHUJ\�0DQDJHPHQW�LQ�+RVSLWDOV�
Annex 14 &RQGHQVDWLRQ�
Annex 15 (QHUJ\�(IILFLHQF\�LQ�6FKRROV�
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Annex 18 'HPDQG�&RQWUROOHG�9HQWLODWLQJ�6\VWHPV�
Annex 19 /RZ�6ORSH�5RRI�6\VWHPV�
Annex 20 $LU�)ORZ�3DWWHUQV�ZLWKLQ�%XLOGLQJV�
Annex 21 7KHUPDO�0RGHOOLQJ�
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Annex 25 5HDO�7LPH�+(9$&�6LPXODWLRQ�
Annex 26 (QHUJ\�(IILFLHQW�9HQWLODWLRQ�RI�/DUJH�(QFORVXUHV�
Annex 27 (YDOXDWLRQ�DQG�'HPRQVWUDWLRQ�RI�'RPHVWLF�9HQWLODWLRQ�6\VWHPV



Annex 28 /RZ�(QHUJ\�&RROLQJ�6\VWHPV�
Annex 29 'D\OLJKW�LQ�%XLOGLQJV�
Annex 30 %ULQJLQJ�6LPXODWLRQ�WR�$SSOLFDWLRQ
Annex 31 (QHUJ\�5HODWHG�(QYLURQPHQWDO�,PSDFW�RI�%XLOGLQJV
Annex 32 ,QWHJUDO�%XLOGLQJ�(QYHORSH�3HUIRUPDQFH�$VVHVVPHQW
Annex 33 $GYDQFHG�/RFDO�(QHUJ\�3ODQQLQJ
Annex 34 &RPSXWHU�DLGHG�(YDOXDWLRQ�RI�+9$&�6\VWHP�3HUIRUPDQFH
Annex 35 'HVLJQ�RI�(QHUJ\�(IILFLHQW�+\EULG�9HQWLODWLRQ��+<%9(17�
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1. Introduction

Today, standard monitoring procedures to assess and compare the performance of
daylighting systems and daylight responsive artificial lighting control systems are not
available. This aspect has now been rectified by the present document, which presents the
monitoring methods and performance assessments used in the IEA SHC Task 21 ‘Daylight
in Buildings’ work program. The monitoring of daylighting systems and daylight
responsive artificial lighting control systems within the IEA SHC Task 21 was carried out
in Australia, Austria, Denmark, Finland, France, England, Germany, Italy, the Netherlands,
Norway, Switzerland and the USA according to a monitoring protocol. The monitoring of
daylighting systems is documented in the 6RXUFH� %RRN (Ruck et al. 2000) and the
monitoring of control systems is documented in the $SSOLFDWLRQ�*XLGH (Zonneveldt et al.
2000).

��� 2EMHFWLYH

The purpose of the monitoring protocol is to establish a basis for the evaluation of
daylighting systems and daylight responsive artificial lighting control systems on a
comparative basis in unoccupied or occupied (test) rooms under real sky conditions. This
document is a guide, which includes recommendations for different levels of monitoring
and evaluation procedures. It specifies the documentation needed for the testing and the
evaluation of the systems’ performance as compared to a reference situation.

��� $SSURDFK

Since a traditional window will often provide a non-uniform daylight distribution,
daylighting systems are designed and incorporated in a room in order to achieve a more
uniform light distribution. Daylighting systems are checked on their ability to reduce the
luminance differences within the room and to control daylight levels and direct sunlight in
the perimeter zones for overcast and clear sky conditions. Daylight responsive artificial
lighting control systems are checked on their ability to control artificial lighting in response
to the available daylight and to decrease energy consumption.

The overall performance of a daylighting system or an artificial lighting control system is
determined by the capability of these systems to fulfil the expectations mentioned above
while maintaining visual quality (i.e. visual comfort and user acceptance).
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��� %DVLF�DVVXPSWLRQV

Monitoring in 7HVW� 5RRPV will establish the performance of daylighting systems and
daylight responsive artificial lighting control systems. The rooms are assumed to be
standard offices with vertical window(s) and horizontal work planes only.

The performance of a daylighting system or a lighting control system is assessed under
similar sky conditions by comparison with an identical 5HIHUHQFH�5RRP� which does not
incorporate the analysed system(s).

• In the monitoring of a daylighting system, for overcast sky conditions, the reference
room is considered to be equipped with typical double pane clear glazing. For clear sky
conditions, a typical national shading system such as a downward tilted (e.g. 45°)
venetian blind covering the complete window (figure 1) is included in the reference
room. The measurement procedure in the reference room is similar to the one used in
the test room. No artificial lighting system is installed in either room.

• In the monitoring of a daylight responsive artificial lighting control system, the
reference room is equipped with luminaires, but no lighting control system or
daylighting system are installed.

The illuminance levels required from the daylight responsive lighting control system to
maintain a certain design (target) illuminance in the space will depend on the size and
transmittance of the glazing. If the windows are large, and depending on the sky
condition, only a low illuminance from the artificial lighting may be required during the
day. Therefore, in order to be able to see the actual performance of the control system
and use its entire dimming range, the design illuminance has to be set higher. If the
windows are small and the glazing transmittance is low, the artificial lighting will need
to provide a higher level of illuminance and the design illuminance can be set lower.

A lighting control system can be adjusted to provide the optimum design illuminance. In
this way the over installed power is saved. These savings, however, are not due to the
daylight responsiveness of the control system. This is an advantage of a control system,
but it does not reveal how well the system controls the artificial lighting in response to
the available daylight. In order to monitor the lighting control system only, the room
design illuminance should equal the 0% dimmed status of the artificial lighting (100%
output).

It is difficult to estimate the hours-of-use of a system when it is manually controlled, since
this depends on arbitrary factors such as occupancy patterns and user behaviour. Therefore
the effects from manual switching are excluded. The luminaires in the reference situation
have a 100% output (0% dimmed status) during the whole testing period (figure 1). If the
dimming level of the artificial lighting is monitored, the illuminance distribution for the
reference situation can be calculated and no additional room is needed for this purpose (see
chapter 5).
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��� 2XWOLQH�RI�WKLV�GRFXPHQW

The complete monitoring procedure consists of four phases as shown in figure 2, which will
determine the structure of this document.
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1) The GHFLVLRQ� SKDVH, in which decisions are made about the testing and the type of
measurements to be carried out. A checklist with possible monitoring aspects and
required measurements is given in Chapter 2 ‘The decision phase’.

2) The SUHSDUDWRU\�SKDVH, in which a descriptive document containing information on the
monitoring equipment and the test conditions is provided. An example of a descriptive
document is included in Chapter 3 ‘Descriptive document’.

3) The PRQLWRULQJ�SURJUDP in which the daylighting systems and the daylight responsive
artificial lighting control systems are tested. The program can include long-term or
short-term measurements, and a verification phase in which the test conditions and
sensors are systematically checked (see Chapter 4 ‘Monitoring Program’).

4) The FRQFOXGLQJ� SKDVH, in which the performance of the daylighting systems or the
daylight responsive artificial lighting control system are analysed based on the
monitoring results.

Preparatory
Phase

Verification 
Phase

Monitoring
Program

Analysis of 
Results

Decision
Phase

chapter 2

before
monitoring

during
monitoring

after
monitoring

chapter 3

chapter 5

chapter 4

)LJXUH�� 6FKHPDWLF�RI�WKH�GRFXPHQW�VWUXFWXUH
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2. The decision phase

Before commencing the monitoring of a daylighting system or a daylight responsive
artificial lighting control system, the aspects that need to be tested should be determined.

��� 'HWHUPLQDWLRQ�RI�UHTXLUHG�PHDVXUHPHQWV

Tables 1 and 2 provide guidelines on how to evaluate the performance of an applied
daylighting system and a daylight responsive artificial lighting control system. The tables
are checklists that help to determine the required measurements. In chapter 5 an evaluation
of the measured quantities is given. It is advisable to look at this analysis before
commencing the monitoring so that no evaluation measure is missed.

��� ,QIRUPDWLRQ�RQ�UHTXLUHG�PHDVXUHPHQWV

This section provides recommendations related to the monitoring equipment, the number
of sensors, and the time and frequency of the monitoring. For more detailed information
about exterior measurements and instrumentation requirements, guidelines and
recommendations on data quality control, archiving and dissemination, consult the CIE
published *XLGH�WR�UHFRPPHQGHG�SUDFWLFH�RI�GD\OLJKW�PHDVXUHPHQWV�(CIE 1994).

([WHULRU�PHDVXUHPHQWV

When conducting exterior measurements the following should be kept in mind:

q Sensors should be Vλ corrected and cosine-corrected by rotation symmetry and only be
dependent on the angle of incidence and independent of the azimuth angle.

q Sensors should have a linear response with increasing illuminance

q Sensors should be accurate in the illuminance range 0 – 100,000 lux up to 150,000 lux,
depending on the daylight availability at the location where the monitoring takes place

It is also preferable that the exterior illuminance sensors are waterproof and able to
maintain a stable temperature to prevent condensation and ice coating (see also CIE 1994).
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7DEOH���5HTXLUHG�PHDVXUHPHQWV�IRU�WKH�PRQLWRULQJ�RI�D�GD\OLJKWLQJ�V\VWHP

�$VSHFW 5HTXLUHG�LQIRUPDWLRQ�VRXUFH

0LQLPXP�PRQLWRULQJ

Realise a higher illuminance level
on the work plane

q Horizontal illuminance on the work plane (Ewp in the middle of the
room, e.g. Ewp 1 - 5 in figure 4)

q Horizontal global illuminance (Evg)
q Vertical sky illuminance on the façade (Evgs)

Improve daylight distribution q Horizontal illuminance on the work plane (Ewp in the middle of the
room, e.g. Ewp 1 - 5 in figure 4)

q Horizontal global illuminance (Evg)
q Vertical sky illuminance on the façade (Evgs)

$GGLWLRQDO�PRQLWRULQJ

Daylight distribution q Horizontal illuminance on the work plane (Ewp, on the whole work
plane, e.g. Ewp 1-15 in figure 4)

Change in daylight distribution q Horizontal illuminance on the work plane (Ewp in figure 4)
q Vertical illuminance on the walls (EWall, e.g. EWall 1-4 in figure 4)
q Illuminance on the ceiling (ECeil.)
q Luminance of the wall, Lwall

q Luminance of the ceiling, LCeil

Detection of sun patches, areas
of high luminances, glare and
colour dispersion

q Observation
q Photographs that register the lighting conditions

Maintain user acceptance q User evaluation
q Photographs that register the lighting conditions

([WHULRU�JOREDO�LOOXPLQDQFH�RQ�D�KRUL]RQWDO�SODQH��(YJ

Exterior sky measurements can be carried out with one exterior sensor, mounted on a
horizontal plane with an unobstructed horizon (e.g. roof), to measure horizontal global
illuminance. If there are significant external obstructions, the measurements should be
corrected according to the recommendations proposed in Appendix A. This correction is
only applicable to CIE overcast sky conditions and no such correction can be proposed for
clear sky conditions yet.

([WHULRU�LOOXPLQDQFH�RQ�D�YHUWLFDO�SODQH��(YJV

Exterior vertical illuminance Evgs should be measured with the help of a sensor screened
from ground-reflected light by a matt black screen (see figure 3, vertical sky).

An additional sensor might be needed in situations where the ground reflection may change
significantly (for example, due to snow on the ground) and a distinction between the
contribution of the ground and the prevailing sky condition needs to be made. If the sensor
is unscreened, the ground reflected component can be found by subtracting the unscreened
vertical sky and ground component from the screened sensor measuring the vertical sky
illuminance. The ground component can also be measured directly with a screened sensor
(see figure 3, vertical ground).
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7DEOH���5HTXLUHG�PHDVXUHPHQWV� IRU� WKH�PRQLWRULQJ� RI� D� GD\OLJKW� UHVSRQVLYH� DUWLILFLDO
OLJKWLQJ�FRQWURO�V\VWHP

�$VSHFW 5HTXLUHG�LQIRUPDWLRQ�VRXUFH

0LQLPXP�PRQLWRULQJ

Maintain the design illuminance
(Eset)

q Illuminance on the work plane (minimum Ewp on the work plane, e.g.
Ewp 1-3 or Ewp 1-9 in figure 5)

Decrease electrical energy
consumption for artificial lighting

q Power consumption
q Time of use

Or

q Dimming level (voltage)
q Power consumption (a preparatory measurement)

$GGLWLRQDO�PRQLWRULQJ

Maintain user acceptance q User evaluation
q Photographs that register the lighting conditions

 

 

,QWHULRU�PHDVXUHPHQWV

+RUL]RQWDO�LOOXPLQDQFH�RQ�WKH�ZRUN�SODQH��(ZS�

The quantity and distribution of the horizontal illuminance can be monitored by a number
of sensors. The actual number will depend on several aspects, such as the availability of

Direct sun

Facade
orientation

Skylight

Ground reflected light

illuminance
Global

Vertical sky

Vertical ground

Screen

)LJXUH�� 3RVLWLRQ�RI�H[WHULRU�VHQVRUV
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sensors, the system to be tested, the size of the window opening and the required
information (results). A suggestion regarding the position of the sensors for a daylighting
system and a daylight responsive artificial lighting control system is given in figures 4 and
5, respectively. The minimum sensors for monitoring are sensors 1 to 5 for a daylighting
system, and sensors 1 to 3 for a control system. The sensor height will be according to the
standard work plane height of each specific country. If no standard exists, the measuring
height can be 0.8 m.

9HUWLFDO�DQG�KRUL]RQWDO�LOOXPLQDQFHV�RQ�WKH�VLGH�ZDOO�DQG�FHLOLQJ��(ZDOO�DQG�(FHLO�

Illuminance measurements can be used to describe the daylight and sunlight distribution on
the work plane and on the walls. The vertical illuminance measurements on the walls can
be measured at 1.2 and / or 1.8 m above floor level, the seated and the standing positions at
eye level. A proposal for the sensor position is given in figure 4.

For daylighting systems that redirect the light towards the ceiling, additional measurements
on the ceiling can be taken. The actual position of the sensors will depend on the type of
daylighting system and can be determined after the installation of the system. The position
of these sensors can be according to the minimum number of sensors on the horizontal
plane given in Appendix B.
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/XPLQDQFH�RI�ZDOOV�DQG�FHLOLQJ��/ZDOO�DQG�/FHLO��

A luminance meter can be used to spot measure the luminance on the ceiling and the side
walls in order to estimate the luminance ratios within the room. Luminance values on the
side walls should be taken at eye-level, both seated and in a standing position (1.2 and 1.8
m from the floor). Divide the room into three equal parts and take measurements in the
centre of each part at the specified height level above the floor. Make sure that the exterior
light levels are fairly stable during the spot measurements. These readings should be taken
for both completely overcast and clear sky conditions. Especially for systems that rely on
the sun position for their daylight performance, these spot measurements should be taken at
least three times a day (morning, noon and afternoon hours). Luminance values on the
ceiling should be taken in the same position and at the same distance from the window as
described for spot measurements on the side wall.

3RZHU�FRQVXPSWLRQ

 Using a standard energy meter (kWh) meter, the electric energy consumption during the
test period (Wtotal) can be determined. With a power meter, the power consumption (Pi)
measured within a certain time interval ( W��FDQ�DOVR�EH�GHWHUPLQHG��$�VXPPDWLRQ�IRU�WKH
entire test period leads to the overall electrical energy consumption.
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)LJXUH�� 3RVVLEOH�SRVLWLRQV�RI�VHQVRUV�±�'D\OLJKW�UHVSRQVLYH�DUWLILFLDO�OLJKWLQJ
FRQWURO�V\VWHP��VHH�DOVR�$SSHQGL[�%�
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 'LPPLQJ�OHYHO

 7KH�GLPPLQJ�OHYHO�� ��LV�D�PHDVXUH�RI�WKH�IUDFWLRQDO�OLJKW�RXWSXW��DVVXPHG�WR�UXQ�EHWZHHQ
0 and 1. In a preparatory measurement, the relation between the measured voltage (a
measure for the dimming level of the artificial light) and the power consumption can be
determined, using a voltmeter and a power meter (see figure 6). With the established
relationship, the dimming level can be used to monitor the energy consumption.

��� &ROOHFWLRQ�RI�LQIRUPDWLRQ�WKURXJK�REVHUYDWLRQ

Monitoring through observation can take place in unoccupied as well as occupied test rooms.
In the occupied test rooms, the subject in the (test) room can make these observations
throughout the day. In the unoccupied test rooms, it is recommended that the responsible
expert be present in the test rooms (and the reference room) during a significant part of the
testing period, because of the very dynamic behaviour of daylight, especially under clear sky
conditions.

This will additionally save time in the analysis of the recorded data, when decisions have to
be made about whether data are valid, and which data have to be excluded.

It is preferable to take photographs during the observations, so that the evaluated lighting
condition is registered. Information on luminance values and luminance distributions can be
recorded on these photographs as well, when the luminance measurements are not conducted
with a CCD camera (see figures 7 and 8).
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The responsible expert or the subject in the test room should make the following observations
throughout the day:

'HWHFWLRQ�RI�VXQ�SDWFKHV

A detection of time periods when undesirable sun patches are present in the room should
be made. The information should be reported through photographs or time lapse video.

'HWHFWLRQ�RI�DUHDV�ZLWK�KLJK�OXPLQDQFH

The recording of high luminance areas in the test room and reference room should be made.
Luminance measurements and luminance ratios need to be recorded for both overcast and
clear sky conditions. The evaluations should be made throughout the day at least three times
a year (summer and winter solstices, equinox).

)LJXUH��� /XPLQDQFH� YDOXHV� ZLWKLQ� WKH� ILHOG� RI� YLHZ� SRLQWHG� WRZDUGV� D� GHVN�
PHDVXUHG�ZLWK�D�OXPLQDQFH�PHWHU�DQG�UHFRUGHG�RQ�D�ILVK�H\H�SLFWXUH

)LJXUH��� /XPLQDQFH�YDOXHV��LQ�FG�Pð���LQ�D�URRP�ZLWK�ODVHU�FXW�SDQHOV�DW�����WUXH
VRODU�WLPH���PHDVXUHG�ZLWK�D�&&'�FDPHUD
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'HWHFWLRQ�RI�JODUH

A detection of time periods when direct or indirect glare due to the sun or due to areas with a
high luminance (windows) is experienced should be made. The luminance values and
luminance ratios should be recorded. This evaluation needs to be carried out at least three
times a year (summer and winter solstices, equinox).

An experimental set-up has been proposed by Aizlewood, to assess the potential discomfort
glare from the window. This is described in Appendix C.

'HWHFWLRQ�RI�FRORXU�GLVSHUVLRQ

Depending on the daylighting system tested, a detection of the time periods when undesirable
colour dispersion is present in the interior should be made. Information should be reported
through photographs. This evaluation can be done at least three times a year (summer and
winter solstices, equinox).

��� &ROOHFWLRQ�RI�LQIRUPDWLRQ�WKURXJK�XVHU�DVVHVVPHQWV

In the occupied test rooms, the assessment of the users’ opinions about the installed
daylighting systems will complement the measurements of the room’s physical conditions.
Most daylighting systems and control systems will normally be more technological and more
expensive than traditional windows. However, the choice for such a system can be made if it
improves the comfort or the working conditions from the users' viewpoint when compared to
the more traditional solution.

The procedures and questionnaires developed for the assessment of the users' opinions has
not been tested thoroughly within IEA Task 21. The procedure and the questionnaire for
evaluating situations with daylighting systems is given in Appendix E. The questionnaire is
designed for small office rooms for 1 – 3 persons, with window(s) on at least one façade and
furnished in such a way that the subjects will get a feeling of being in a normal, functioning
office. No procedure was developed for situations with lighting control systems. In general,
this procedure should outline the questionnaire used to obtain the subjects’ impression,
opinion and experience of the room and the installed lighting control system during their one-
hour stay in the test room, while performing certain office-like tasks.
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3. Descriptive document

Once the required measurements are determined they need to be depicted in a descriptive
document together with the test conditions. It is important to put the results in the
perspective of the test conditions, since they influence the system’s performance
significantly. In the descriptive document all the information related to the conditions that
will remain unchanged during the monitoring program need to be recorded, including
information on the test rooms, the monitoring equipment and the monitoring procedures.
These three aspects will be discussed in this chapter, which concludes with an example of a
descriptive document.

��� 'HVFULSWLRQ�RI�WKH�WHVW�URRP

The description of the test rooms with daylighting systems or control systems should
include the following information :

• Number of test rooms
• Orientation
• Internal length, width and height
• Window and glazing area
• Material photometric properties (support for measurement of these properties can be

found in appendix F and G)
• Luminaire description (manufacture, lamp, ballast, control system)
• Daylight system description
• Monitoring (Measuring) equipment

This description could also include information on the problems encountered during the
installation of the daylighting and lighting control systems.

��� 'HVFULSWLRQ�RI�WKH�PRQLWRULQJ�HTXLSPHQW

The description of the monitoring equipment should include information on:

• Position of interior sensors
• Monitoring equipment (date of calibration, calibration error, V(λ) match error, cosine

response error, fatigue error)
• Data acquisition system (manufacturer, type, data acquisition software)

The estimated overall accuracy of the measurements should be given, and this is mostly
based on the information provided by the manufacturers of the monitoring and data
acquisition equipment.
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��� 'HVFULSWLRQ�RI�WKH�PRQLWRULQJ�SURFHGXUHV

The description of the monitoring procedures should show the duration and level of the
monitoring used.

��� ([DPSOH�RI�D�GHVFULSWLYH�GRFXPHQW

This paragraph shows an example of a descriptive document, which contains the
information that should be registered before any experiment is conducted:

,($�7$6.������6XEWDVN�$�DQG�%���'HVFULSWLYH�GRFXPHQW�RQ�WHVW�URRPV

���3HUVRQ�UHVSRQVLEOH�IRU�WKH�PRQLWRULQJ

Name : 0U��;
Organisation : ,QVWLWXWH�IRU�(OHFWURQLFV�DQG�/LJKWLQJ�7HFKQRORJ\

(LQVWHLQXIHU�����%HUOLQ��*HUPDQ\
Phone : ���������
Fax : ���������
E-mail : 0U�;#HH�WX�EHUOLQ�GH

���*HQHUDO�LQIRUPDWLRQ�RQ�WHVW�URRP
City : %HUOLQ
Country: : *HUPDQ\
Elevation : ���P
Longitude : ��������(
Latitude : ��������1
Number of test rooms : �
Construction date : ����
Orientation of test rooms : ������1 ����( �����6 �����DQG�: �����
Internal length : �����P�������P�
Internal width : �����P
Internal height : �����P
Window area : �����Pð
Glazed area : �����Pð
Are the rooms occupied? ✔ yes ✔ no 

WKH� WHVW� URRPV� ZHUH� RFFXSLHG� GXULQJ� WKH� PRQLWRULQJ
SHULRG� EHWZHHQ� 6HSWHPEHU� ����� DQG� )HEUXDU\� �����
GXULQJ� WKH� RWKHU� PRQLWRULQJ� SHULRGV� WKH� URRPV� ZHUH
XQRFFXSLHG
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Occupancy pattern : ��GD\V�D�ZHHN��IURP������WR������
Occupants’ activities : ❐ Mostly VDT tasks

❐ Mostly paper-based tasks
✔ VDT & paper-based tasks
❐ Other (specify) : ________________

Are the rooms air conditioned ?:❐ yes ✔ no

���3LFWXUHV
�� 2XWGRRU��IDFLQJ�WKH�WHVW�URRP��DQG�VKRZLQJ�WKH�EXLOGLQJ¶V�IDoDGH
�� 7KURXJK�WKH�URRP¶V�ZLQGRZV��VKRZLQJ�WKH�RXWVLGH�YLHZ�DQG�WKH�H[WHUQDO

REVWUXFWLRQV
�� ,QGRRU��IURP�WKH�EDFN�RI�WKH�URRP��WRZDUG�WKH�IURQW�RI�WKH�URRP
�� ,QGRRU��IURP�WKH�IURQW�RI�WKH�URRP��WRZDUG�WKH�EDFN�RI�WKH�URRP

 1 2 

 3 4  
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���3ODQV�	�(OHYDWLRQ
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(measures in cm)

���0DWHULDO�SKRWRPHWULF�SURSHUWLHV

Opaque surfaces
ρdif(%) Mat or Glossy ? Colour

Walls : �� 0DW :KLWH
Floor : �� 0DW *UH\
Ceiling : �� 0DW :KLWH 
Desk : �� 0DW *UH\ 

Transparent or translucent surfaces
τdif(%) τ⊥(%) Material Colour u[W/(K.m2)] g(%)

Glazing : �� �� GRXEOH ZKLWH ��� ��
IORDW�JODVV
��PP

Shading device : VLPSOH�EOLQGV��JUH\��+�SSH�)RUP�6RQQHQVFKXW]V\VWHPH�
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���/XPLQDLUH�'HVFULSWLRQ
5RRP�$ 5RRP�% 5RRP�'
/XPLQDLUH /XPLQDLUH /XPLQDLUH
7\SH��� 7\SH��� 7\SH���

*HQHUDO�LQIRUPDWLRQ

No. of lamps/luminaire: � � �
Luminaire size (W x L x H): ����[���[�� ����[���[����PP� �
Type: Ceiling mounted ✔ ✔ ✔

(or recessed)
Suspended ❐ ❐ ❐
Wall mounted ❐ ❐ ❐
Floor lamp ❐ ❐ ❐
Desk lamp ❐ ❐ ❐

Type: Direct ✔ ✔ ✔
Indirect ❐ ❐ ❐
Direct/Indirect ❐ ❐ ❐

2SWLFV

Manufacturer: 6LHPHQV =XPWREHO� 3KLOLSV
Direct Efficiency (%): �� �� �
Indirect Efficiency (%): �� � �

Optic type: Prismatic lens ❐ ❐ ❐
Diffuser lens ❐ ❐ ❐
Flat-bladed louvers ❐ ❐ ❐
Parabolic louvers ❐ ❐ ❐
Asymmetric ❐ ❐ ❐
Non optic ❐ ❐ ❐
Other (specify)

/DPS

Manufacturer: 2VUDP 2VUDP 2VUDP

Position: Horizontal ✔ ✔ ✔
Vertical ❐ ❐ ❐

Type: Full-size fluorescent ✔ ✔ ✔
Compact fluorescent ❐ ❐ ❐
Other (specify)
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Unit power (in Watts): �� �� ��
Lamp flux (in Lumens): ���� ���� ����
Colour temperature (in Kelvin): ���� ���� ����
Colour Rendering Index: �� �� ��

%DOODVW

Manufacturer: 6LHPHQV =XPWREHO� 3KLOLSV

Type: Electromagnetic ❐ ❐ ❐
Electronic ❐ ❐ ❐
Dimmable ✔ ✔ ✔

���'D\OLJKWLQJ�V\VWHPV
Tested daylighting systems:
Specular refl. louvres ❐ __ Diffusing refl. louvres ✔__
Roller blinds, screens, films ❐ __ Light shelves ❐ __
Refractive panels ❐ __ Sundirecting clerestory (LWT) ❐ __
Prismatic panels, -shading, -directing ❐ __ Prismatic films ❐ __
Lasercut panel ❐ __ Holographic systems ❐ __
Ed-shades ❐ __ Anadolic systems ❐ __
Shaded skylight ❐ __ Sundirecting skylight ❐ __
Angle selective coating ❐ __ Sloping ceiling (room geometry) ❐ __
Light pipes (glass fibres) ❐ __ Light pipes (close to window) ❐ __
Other: ______________ ❐ __

Can the systems automatically be controlled? <HV

���,QWHUQDO�0HDVXUHPHQWV
7KH�SRVLWLRQ�RI�WKH�VHQVRUV�LV�JLYHQ�LQ�WKH�SODQ�VKRZQ�DERYH�LQ�LWHP���

Illuminance: Number of sensors ❐ minimum (7 sensors)
✔ more [ ���] (specify)

Height of sensors ❐ 0.70 m ✔ 0.85 m ❐ other (specify) [ ___ m ]

Luminance: ❐ L-Scanner
✔ CCD-Camera

WKLV� &&'� FDPHUD� ZDV� FDOLEUDWHG� E\� 7HFKQR7HDP� LQ� ,OOPHQDX�
ZLWK�DQ�DFFXUDF\�RI������FORVH�WR�9�λ��PDWFK

❐ L-Meter
❐ Picture + L-Meter

Electrical Energy ✔ ��3RZHU�PHWHUV�LQ�HYHU\�WHVW�URRP
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���([WHUQDO�0HDVXUHPHQWV
The following external measurements were carried out:
✔ Global horizontal illuminance
❐ Diffuse horizontal illuminance
✔ Global horizontal irradiance
❐ Diffuse horizontal irradiance
✔ Illuminance from sunlight and skylight on vertical surfaces facing N, E, S and W
✔ Sunshine duration
❐ Direct (normal) solar illuminance
✔ Direct (normal) solar irradiance
✔ Zenith luminance
✔ Luminance distribution of sky (specify: ZLWK�VN\�VFDQQHU�DQG�&&'�FDPHUD�

����0HDVXUHPHQWV�XQGHU�DUWLILFLDO�OLJKWLQJ
7KHVH�PHDVXUHPHQWV�ZHUH�GRQH�DW������GLPPLQJ�OHYHO�ZLWKRXW�GD\OLJKW
(�+� �����O[��DW������P�
(�+� �����O[��DW������P�
(�+�� �����O[��DW������P�
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4. Monitoring Procedure

The Monitoring Program consists of a verification procedure and the actual monitoring,
both described in this chapter.

��� 9HULILFDWLRQ�SURFHGXUH

Every monitoring period starts and ends with a verification procedure, which is needed to
record changes in the test rooms and in the functioning of the monitoring equipment. The
verification procedure consists of:

3UHSDUDWLRQ�RI�WKH�PRQLWRULQJ�

q Check the signals from all sensors systematically and clean the glazing.

q Before installing a new daylighting system, check whether identical daylighting
conditions are realised in the reference room and the test room where the daylighting
system will be installed.

q Check the descriptive document about changes in test conditions; points of attention
could be movable systems, movable curtains, external obstructions and ground
conditions (for example including the reflection of snow). These changes should be
recorded in the description of the monitoring (see for example Appendix H
‘Description of the monitoring’).

3UHSDUDWLRQ�RI�HDFK�PRQLWRULQJ�GD\�

q Exterior sensors should preferably be cleaned every monitoring day.

&RQFOXVLRQ�RI�HDFK�PRQLWRULQJ�GD\�

q Record the weather conditions during the monitoring period.

&RQFOXVLRQ�RI�WKH�PRQLWRULQJ�

q Check the signals from all sensors.

q Check the descriptive document regarding changes in the test conditions. These
changes should be recorded in the description of the monitoring.

���� 3RLQWV�RI�DWWHQWLRQ�LQ�WKH�PRQLWRULQJ�SURJUDP

The monitoring program consists in the collection of data through measurements and
observation. Aspects that are important in this program are as follows:
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'XUDWLRQ�RI�PRQLWRULQJ

A minimum evaluation of a daylighting or daylight responsive artificial lighting control
system will take one day under overcast sky conditions and three days under clear sky
conditions. A distinction can be made between long-term monitoring (2 weeks/season to a
year) and short-term monitoring (4 days).

In general, measurements should be taken as fast as possible. An average value of any
measured parameter should be stored every 6 minutes (10 measurements per hour) from 9
a.m. to 5 p.m. (or in Scandinavian countries, from 8 a.m. to 4 p.m.). Shorter sampling
intervals could also be used. Long term monitoring (2-3 weeks around the winter and
summer solstices and the equinox) is recommended especially in the monitoring of
daylight responsive artificial lighting control systems, in order to establish realistic energy
saving potentials. For moderate climates in which daylight conditions change constantly,
one or two weeks of monitoring provide an insufficient monitoring period.

5HJLVWUDWLRQ�RI�WKH�ZHDWKHU�FRQGLWLRQV

 In order to be able to extrapolate the results to other times of the year it is necessary to
record (at least) manually the weather conditions during the test period (see, for example,
table 3). Generally, it will be sufficient to describe the weather conditions such as clear,
hazy, overcast, partly overcast with sun, etc. In this way the system’s performance can be
related to the environmental conditions under which it occurred.

7DEOH����5HJLVWUDWLRQ�RI�ZHDWKHU�FRQGLWLRQV�GXULQJ�WKH�WHVW�SHULRG

Date Weather condition

�������� RYHUFDVW

�������� FOHDU

�������� FORXG\

 

'HILQLWLRQ�RI�WKH�ZHDWKHU�FRQGLWLRQV

2YHUFDVW�PHDVXUHPHQWV

The overcast sky conditions, by definition, will most likely provide conditions easy to
reproduce, due to the distribution of daylight entering the room almost independent of the
solar azimuth angle. The main problem is the variation in the sky luminance distribution
under which the measurements are made. To compensate for these variations, the following
criterion for accepting the measurements is defined. The luminance ratio (foc) between the
screened vertical sky illuminance and the global, unobstructed horizontal illuminance should
be in the interval 0.36 < foc < 0.44. The 'true value' for the CIE overcast sky is foc = 0.396.

The overcast sky measurements could be taken at any time of the year. For an overcast sky
with an ideal CIE sky luminance distribution only one measurement is needed. However
since this ideal distribution is seldom reached in some climatic zones, it is recommended
that a full day of measurements is carried out, to reveal discrepancies of the sky luminance
distribution.
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The daylight measurements for overcast sky conditions should be conducted in a period when
the exterior illuminance level is high. This will improve the accuracy of differences in signals
from the sensors of the two rooms.

&OHDU�VN\�PHDVXUHPHQWV

A clear sky can be defined by the rule of observation. At least 7/8 of the sky must be
uncovered for the sky to be considered clear, and the covered patch of the sky must not cover
the sun or be seen from the interior.

Measurements under a clear sky with direct sun should be conducted during an entire day, at
the following times of the year:

• winter solstice (+/- 4 weeks, 1 day)
• equinox, either spring or autumn (+/- 4 weeks, 1 day). In locations where there is a

significant discrepancy between the spring and the autumn equinox, it is
recommended to measure during both equinox.

• summer solstice (+/- 4 weeks, 1 day)

 This means that the complete monitoring program for a daylighting system or a daylight
responsive artificial lighting control system will cover at least a six months period (i.e. the
winter and summer solstice, spring or autumn equinox) with clear sky conditions.
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5. Analysis of results

The analysis of the monitoring results will be based on the comparison between the
reference situation and the situation with the analysed systems installed. In this chapter the
analysis of the results with both minimum and additional monitoring is described.

��� 0LQLPXP�PRQLWRULQJ�RI�'D\OLJKWLQJ�6\VWHPV

&RPSDULVRQ�RI�LOOXPLQDQFH�OHYHOV�IRU�VHQVRUV�SRVLWLRQHG�RQ�WKH�ZRUN�SODQH

The comparison of illuminance levels on the work plane, as a result of using a daylighting
system, can be described using the following indices:

• Under overcast sky conditions: Daylight factors (figure 9) or percentage change in
illuminance level between the room with the daylighting system and the reference room
with clear glass. The daylight factor can be found by:

The percentage change should be presented as a function of the solar azimuth and
azimuth angle throughout the day (Aizlewood 1993). The relative percentage increase
in interior illuminance levels can be found by:

• Under clear sky conditions: Absolute illuminance level for a position (Ewp) on the work
plane (figure 10) or percentage change in illuminance level between the daylight
system and the reference room with clear glass and/or shading system.
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Exterior Light Shelf, 0.8 m deep (Denmark 56° N)
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Exterior Light Shelf, 0.8 m deep, Clear sky Summer (Denmark 56° N)
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7R�LPSURYH�GD\OLJKW�FRQWULEXWLRQ

Windows in the façade can generate a non-uniform daylight distribution, where the
window area can be excessively bright while the back of the room may appear gloomy. A
daylighting system can be designed to even out these effects. The improvement can be
ascertained by the illuminance on the work plane (Ewp), the daylight factor profile, and the
horizontal and/or vertical ratios characterising the daylight distribution within the room.

• Under overcast sky conditions: A uniform daylight distribution may cause the interior
to loose character and appear dull. The range of daylight factors on the work plane
should preferably be within 10:1.

• Under clear sky conditions: The daylighting system should protect against direct
sunlight on the work plane (illuminance on the work plane (Ewp). Supplementary
shading and/or artificial lighting may not be needed if the targeted illuminance levels
from daylighting are maintained on the work plane. However, if the shading system
itself or other room surfaces become extremely bright or dark, artificial lighting may be
needed to reduce the luminance ratios.

��� $GGLWLRQDO�0RQLWRULQJ�RI�'D\OLJKWLQJ�6\VWHPV

'D\OLJKW�GLVWULEXWLRQ

A grid of sensors (Ewp 1-15) will measure more extensively the quantity and distribution of
the horizontal illuminance across the width of the room for both sunny and cloudy
(overcast) sky conditions (see figure 4).

&KDQJH�LQ�GD\OLJKW�GLVWULEXWLRQ

Measurements on the walls and the ceiling are essential to record in order to understand
how the daylighting system impacts on the daylight penetration and how the diffuse
daylight and direct sunlight are distributed throughout the space. Details of the
measurements are:

• Vertical illuminance measurements on the walls record the quantity of daylight and
reflected sunlight, particularly in the morning and in the afternoon.

• The ceiling is an important secondary component of a daylighting system, since
daylight and sunlight can be either directed or reflected by the daylighting system
towards the ceiling and reflected from the ceiling into the room. Measurements of
incident illuminance on the ceiling will indicate the quantity of daylight being reflected
into the room.

• Luminance measurements on the walls and the ceiling show if the amount of reflected
daylight and sunlight is within an acceptable range and if these surfaces are not
secondary sources of glare. Care should be taken if the luminance values exceed 10.000
- 15.000 cd/m².

• Minimum evaluations on visual comfort and user acceptance in a test room consist of
observations taken in both occupied and unoccupied rooms. This includes detection of
sunpatches, areas with high luminance and detection of glare sources within the room.
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'HWHFWLRQ�RI�VXQ�SDWFKHV��DUHDV�RI�KLJK�OXPLQDQFHV��JODUH�DQG�FRORXU�GLVSHUVLRQ

An evaluation through observation should be described in the test report, and photographs
of the specific lighting conditions that have been evaluated should be included.

0DLQWDLQ�XVHU�DFFHSWDQFH

A user acceptance evaluation should be outlined in the test report to indicate whether the
visual comfort and the user acceptance criteria were maintained after applying a
daylighting system. The specific lighting conditions that have been evaluated should be
documented through photographs.

��� 0LQLPXP�PRQLWRULQJ�RI�'D\OLJKW�5HVSRQVLYH�$UWLILFLDO�/LJKWLQJ�&RQWURO
6\VWHPV

0DLQWDLQ�WKH�GHVLJQ�LOOXPLQDQFH�OHYHO

Daylight responsive artificial lighting control systems need to be checked on their ability to
control artificial light in response to available daylight, so that the illuminance level on the
work plane would not fall short of the illuminance value set in the tuning procedure.

• Measured quantity: Ewp

There are two parameters that show the performance of a daylight responsive artificial
lighting control system with respect to the design illuminance level to be maintained:

1) The (relative) illuminance Ewp as a function of time shows the actual time when the
design level is not reached (see figure 11).
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2) The frequency of lacking and exceeding the design light level. When a daylight
responsive artificial lighting system realises illuminance levels that are lower then the
design level, the energy savings will be higher, but the system is not functioning
properly. It should maintain at least the design illuminance. Therefore, the frequency of
lacking light is a good performance measure (Knoop 1998). An example is given in
figure 12.
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In the analysis of a daylight responsive artificial lighting control systems, it is
important to take into account the number and position of the sensors that are being
used. For example, a system A that is monitored with nine sensors (as shown in figure
5) can show a larger deficiency in light exposure then a system B that is monitored with
only three sensors in the middle of the room. This does not mean that system A
performs worse then system B, although the deficiency in light exposure shown in the
graphs would give this impression. System B might have shown a similar performance,
or even a worse performance than system A if nine sensors instead of three have been
used to monitor the light levels in both cases.

In addition, a separation between the daylight and the artificial lighting contribution
can be made (see figure 13 and 14), in order to characterise the exact performance of
the control system over the day, in response to the daylight contribution to the room.
These graphs can be obtained in two ways as follows:

• Measured quantity: Ewp

In the Reference Situation, the illuminance Ewp is determined by the daylight
contribution and a fixed artificial lighting contribution (the design level). From this two
parameters the daylight contribution to the space can be determined:
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The artificial lighting contribution in the room with the daylighting responsive artificial
lighting conditions can be determined using the following equations:
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(TXDWLRQ��

• Measured quantity: dimming level (between 1 and 10 Volt)

In this case the dimming level is measured, and the Reference Situation can be
calculated from measurements obtained right in the test room where the control system
is installed. An additional Reference Situation is not needed.

In the situation with the control system, Ewp is determined by the daylight contribution
and a variable artificial lighting contribution, which is determined based on the
monitored dimming level. The relationship between the dimming level and the
illuminance level can be determined as shown in figure 6 from the power consumption
and the dimming level. The daylight contribution can then be calculated using the
following equations:
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'HFUHDVH�RI�WKH�HOHFWULFDO�HQHUJ\�FRQVXPSWLRQ�IRU�DUWLILFLDO�OLJKWLQJ�GXH�WR�WKH�XVH�RI�D
GD\OLJKW�UHVSRQVLYH�DUWLILFLDO�OLJKWLQJ�FRQWURO

Energy savings are a direct result of the total number of hours the system has been in use,
and the time of the day when the system was used. When comparing a system used from 9
AM until 5 PM with a system used from 5 AM until 10 PM, the latter system will have by
far more hours of operation without daylighting and will show a considerable lower
percentage of energy savings.

It is difficult to estimate the hours of use of a system when it is manually controlled, since
this depends on arbitrary factors such as occupancy patterns and user behaviour. Therefore,
a decision has been made to compare the actual power consumption of the daylight
responsive lighting control system to the power consumption of the artificial lighting
operating fully during working hours, so that the effect of manual switching can be
excluded. In this way the most objective evaluation of the system can be made.

• Measured quantity: Etotal

Energy savings due to the daylight responsive artificial lighting control may come
from:

1. use of more solar energy for heating in winter

2. reduction of the artificial lighting consumption through the use of daylighting

3. reduction of the cooling load, both from avoidance of overheating from the sun
through shading and as a result of less energy being dissipated by the artificial
lighting

This monitoring protocol will concentrate on (2), the reduction of the electric energy
used by artificial lighting as a direct result of the use of a daylight responsive control
system. The artificial lighting design can be over-dimensioned to compensate for
maintenance losses and necessary rounding to a whole number of luminaires. As
mentioned in chapter 1, the reference situation refers to a 100% output of the artificial
lighting. Therefore, over-dimensioning is not taken into consideration, since it does not
represent the primary aim of a control system.

The overall savings due to the use of the control system is the total power used by the
control system during the monitoring period compared to the power the system would have
used without the control system. This can be expressed as a percentage as follows:

The nominal power (Pnominal) consumption of a system represents the power
consumption calculated taking into account the power used by the lamps as well as the
electronics needed to drive the lamps. Wtotal is the electric energy consumption
measured during the monitoring period.

The actual energy (Pactual) consumption of the system can be obtained through a night-
time measurement, when the artificial lighting is not dimmed. The energy savings are as
follows:
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• Measured quantity: dimming level (between 1 Volt and 10 Volt)

With the previously established relation between the measured voltage and the power
consumption of the artificial lighting (P(V)) (see figure 6), the power consumption per
time interval, ∆t, can be determined. A summation over the whole test period gives the
overall power consumption.

��� $GGLWLRQDO�PRQLWRULQJ�RI�'D\OLJKW�5HVSRQVLYH�$UWLILFLDO�/LJKWLQJ�&RQWURO
6\VWHPV

The user acceptance evaluation obtained by means of a questionnaire should be described
in the test report to indicate whether the visual comfort and user acceptance aspects were
maintained while applying the daylight responsive lighting control system. The specific
lighting conditions that were evaluated and recorded on pictures should be included.
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Appendix A: Estimating the impact of
obstructions on horizontal external
illuminance measurements

 by Paul Littlefair, Building Research Establishment

 

 In daylight factor measurements, the external photocell should be completely unobstructed.
Sometimes this can be difficult to achieve where there are significant external obstructions
but data can be corrected for by using a Waldram Diagram technique (Hopkinson 1966).
The attached diagram, for a CIE Overcast Sky, can be used for this purpose. It contains an
altitude and azimuth grid on which obstructions can be plotted. To determine these angles,
a theodolite, or measurements of the height, width and distance of obstructions, either on
site or using plans, can be used. The relative height of obstructions can sometimes be
determined by counting bricks, or counting storeys for a tall, far away building. In
emergency, if a theodolite is not available, it is possible to sight through a long straight
edge, like a meter rule, on a level table. In plotting the obstructions remember that the
angular height subtended by a large building will vary along its roofline, because the
distance from the observer is different.

 Once plotted, the fraction of direct sky light blocked by the obstructions is given by the
area Aobs occupied by the obstructions on a diagram, divided by the total area of the grid
Atot. A correction must be made for light reflected from the obstruction; this can be taken
to be 0.9 ρobs Aobs where ρobs is the obstruction reflectance. For buildings ρobs = 0.22 is
typical, giving 0.2 Aobs as the correction. The external global illuminance on a horizontal
plane (Evg) need to be multiplied by the following equation to convert it to the equivalent
unobstructed value:
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'HVFULSWLRQ�RI�H[WHULRU�REVWUXFWLRQV

 Waldram-diagram (see figure A.1) and a fisheye photograph taken from the interior
superimposed on a sunpath diagram to represent obstructions should present the
description of the exterior obstructions. Measure the obstruction angles and direction and
plot the values in a Waldram-diagram. Furthermore, if large trees are positioned outside
the test rooms, their position should be marked on both the sunpath diagram and the
Waldram-diagram, since their foliage can cause some shading of the windows in the test
rooms.
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Appendix B: Position of sensors for a
minimum number of sensors

 0RQLWRULQJ�D�GD\OLJKWLQJ�V\VWHP

 The minimum number of interior measurement locations suggested in figure B1 will
mainly monitor the illuminance distribution throughout the length of the room. These
positions are sufficient and suitable for both traditional window configurations and
innovative daylighting systems or solar shading devices attached to windows. For a
minimum evaluation of the horizontal illuminance, the sensors should be placed on a
symmetrical (centre) line perpendicular to the window at the work plane height (as shown
in the descriptive document). Minimum five sensors have to be equally spaced within the
room. The sensors located next to the window wall and the rear wall should be located
from the walls at a distance equal to half of the distance between the remaining sensors.
For example, a room which is 6 m deep will have the sensors positioned at 0.6 m, 1.8 m, 3
m, 4.2 m and 5.4 m (see figure B1).

0RQLWRULQJ�D�FRQWURO�V\VWHP

The minimum number of interior measurement positions suggested in figure B3 will mainly
monitor the design illuminance in three specific lighting areas of a room: the daylight area,
the mixed area and the artificial light area. This subdivision of a room is based on the
effective window height (see figure B2)
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The HIIHFWLYH� ZLQGRZ� DUHD is the actual glass area above 0.9 m from the floor in the
façade multiplied by the transmission of the window pane (e.g. 0.8 for double glazing, as
shown in figure B2).

The HIIHFWLYH�ZLQGRZ�KHLJKW is the effective window area divided by the width of the
façade.

This division is possible if the effective window area is greater than 1/6 of the total façade
area above 0.9 m. In the case of two or more windows in one façade the effective window
height will be calculated from the WRWDO effective window area divided by the width of the
façade.

A room can be subdivided in three areas (see figure B3):

'D\OLJKW�DUHD

The daylight area in a room is the area with a high daylight level. This area starts at the
façade and has a depth of approximately two times the effective window height. In general,
this area will be sufficiently illuminated by daylight to perform a normal task.

0L[HG�OLJKW�DUHD

The mixed light area is the area with a medium daylight level. This area will need some
supplementary artificial lighting to accomplish a satisfactory light level throughout the day.
The area starts at the inner border of the daylight area and has a depth of approximately 1.5
times the effective window height.

1.00 1.50

0.90

3.00 0.30.3

effective window area
3.00 x 1.50 x 0.8 = 3.60 m²

effective window height
3.60 / 3.60 = 1 m

)LJXUH�%� ([DPSOH�RI�WKH�GHWHUPLQDWLRQ�RI�WKH�HIIHFWLYH�ZLQGRZ�DUHD�DQG�HIIHFWLYH�ZLQGRZ
KHLJKW
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$UWLILFLDO�OLJKW�DUHD

The artificial light area is the area with a low or no daylight level. This area will be
illuminated by artificial lighting, the daylight contribution being too low. This area will be the
remaining part of the room towards the rear wall.

Based on the three types of light area described above, the three monitoring sensors will be
placed in the room as follows:

• one sensor in the middle of the daylight area (at 1.0 times the effective window height of
the reference case). This sensor is labelled wp1 in figure B3.

• one sensor in the middle of the mixed light area (at 2.75 times the effective window
height). This sensor is labelled wp2 in figure B3.

• one sensor in the middle of the artificial light area. This sensor is labelled wp3. If the
depth of the room is less than 3.5 times the effective window height, this area does not
exist. In this case the third sensor should be positioned at the borderline between the
daylight and mixed light areas. The sensor will be labelled wp2 and the sensor in the
middle of the mixed light area will be labelled wp3 in figure B3.

0RUH�ZLQGRZV�LQ�RQH�IDoDGH

In the case of two or more windows in one façade the sensors should be positioned at the
work plane height on a center line in the middle of the area where the windows are
positioned. .
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Appendix C: Assessment of glare

 by Maurice Aizlewood, Building Research Establishment

The potential to control daylight glare is an important feature of the daylighting systems
under test. There are a number of glare indexes that have been developed. The monitoring
protocol has been developed to provide the necessary data for calculation of the Daylight
Glare Index (DGI)(1). The DGI is given by the formula:
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Ls is the average luminance of each glare source in the field of view [cd/m2]
Lb is the average luminance of the background excluding the glare source [cd/m2]
LZ is the average luminance of the window [cd/m2]
ωs is the solid angle of the source seen from the point of observation [sr]
Ω is the solid angle subtended by the source, modified for the position of the light source

with respect to the field of view and Guth’s position index P [sr].
Q is the number of glare sources

Rather than attempting to make a difficult series of frequent spot luminance measurements
in the test rooms, the protocol calls for continuous measurement of shielded and
unshielded vertical illuminances from which Ls, Lb and Lw can be derived1. Example
vertical sensors are shown in Figure C1. One sensor is unshielded and measures the
vertical illuminance at that point in the room. A cone of black material shields the other
sensor such that it only receives direct light from the window. The glare source luminance
Ls is determined from:

φπ ⋅
= VKLHOGHG
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where φ is the configuration factor of the glare source with respect to the measurement
point (see appendix D).

The background luminance Lb excludes the area of the glare source and is given by:
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The value Lw is the average luminance of the window. If the shielding cone is shaped such
that the shielded sensor sees the whole window but nothing else, then Lw is the same as Ls.
This is the preferred configuration, and results in a “cone” with an irregular pyramidal
shape. Alternatively, it is easier to build a simple cone or cylinder. In this case the shielded

                                                
1 The authors would like to add that it has not been proved yet if this experiment is reliable in situations with
daylighting systems (for more information see Velds 2000).
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sensor sees only part of the window. Care should be taken that the sensor sees an average
portion of the window such that Lw can be treated as Ls.

ωs is the solid angle subtended by the glare source (window) to the point of observation. It
can be calculated using the following equation:

2G

FRVFRV$
V

ϕθω ⋅⋅=

A is the window area [m2]
d is the distance from the viewpoint to the centre of the window area [m]
θ,ϕ are the angles between the line of sight and the centre of the window area

Ω is slightly more difficult to calculate. It is the solid angle subtended by the window,
modified by the position index of the window, P. The basis of this modification is that the
original data collected by Hopkinson (2), was for a glare source 10o above the line of sight.
A glare source directly in the line of sight would be significantly more glaring, while at the
periphery of vision it would be notably less glaring. A table of values for P is given in
Figure C3). Ω is calculated using:

∑ ⋅=Ω
VL

G3 ω

dωs the solid angles of elements of the window and
Pi the position indexes of those elements.

Calculating Ω with a large number of elements may generate a small increase in accuracy.
The DGI formula is expressed as a sum of the individual glare sources in the field of view.
One of the problems with the DGI is that if you divide a large glare source into a number
of smaller sources and then sum them up at the end you would not get the same result as if
you treated the source as one large element (3). This lack of mathematical consistency

)LJXUH�&� ([DPSOH�RI�WKH�VKLHOGHG�DQG�XQVKLHOGHG�LOOXPLQDQFH�VHQVRUV�XVHG�WR�FDOFXODWH
WKH�'*,
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exists because the DGI is an experimental fit to data. For the purposes of this protocol, the
summation in the DGI formula can be ignored and the daylighting systems can be treated
as one large source.

The DGI (and this method of calculating it) only considers average daylight glare. It does
not take into account direct sunlight striking an occupant. Nor does it consider small areas
of high brightness within the overall window area such as the bright vertical lines that can
be produced by prismatic systems in direct sunlight (4). For this reason, spot measurements
and photographs should be used to record additional glare phenomena.

0HDVXUHPHQW�DGYLFH

The DGI is supposed to be “substantially independent” of the measuring position. Thus,
the positioning of the vertical sensors is not critical. A distance from the window of 3 m or
more is recommended. The position should be chosen such that the vertical cells do not
directly shade any horizontal cells. The DGI is a daylight glare index, not a sunlight glare
index. At any time that direct sunlight falls on the vertical cells, the formula can become
unreliable. Cells should be far enough from the window relative to the window head height
and solar elevation so that direct sunlight does not strike the cells too often. If the shielding
cone has been chosen to align with the corners of the window, then care should be taken to
line up the shielded sensor correctly. One method is for an observer to look from the
corners of the window towards the shielded sensor and get an assistant to adjust the
shielding and sensor position until the whole sensor head is only just visible from each
position. Alternatively, if the shielding construction allows it, a small light source within
the cone can be used to align the sensor with the window corners at night.

)LJXUH�&� 7DEOH�RI�SRVLWLRQ�LQGH[
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Appendix D: Configuration factor for
element parallel to rectangle ΦI

The configuration factor Φi of the examined part of the window from the viewpoint of the
observer can be found for instance by assuming the area of where the measurements are
recorded as a small area ∆F1 parallel to the examined rectangular part of the window area
Fa. The small area ∆F1 lies on a line perpendicular to one corner of the examined
rectangular part Fa. In order to adjust to different windows and reference location
combinations that do not match the requirements that ∆F1 lies on line perpendicular to one
corner of Fa, the configuration factor Φi can be determined by adding and/or subtracting
the Φi of two or more hypothetical rectangles.

The configuration factor Φi can be estimated by the following equation or by the graph in
figure D.1, derived from [ETSU 1993].
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1RWH Angles are expressed in radians

5HIHrence:

Siegel R, Howell J R, 7KHUPDO�5DGLDWLRQ�+HDW�7UDQVIHU, McGraw Hill, 1972

ETSU, 'D\OLJKWLQJ�$OJRULWKPV, Prepared by Tregenza P, Sharples S, Renewable Energy
Research and Development Programme, Energy Technology Support Unit (ETSU), 1993
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Appendix E: Assessment of users’ evaluation
of lighting conditions in test rooms

 by Kjeld Johnsen, Jens Christoffersen, Erwin Petersen, Staffan Hygge, Hans Allan
Löfberg,

Introduction

This document describes procedures and questionnaires that can be used for the assessment
of users' opinions on daylighting systems and lighting control systems installed in full scale
test rooms. A number of test persons are asked about their impression, opinion and
experience of the room during a half-hour stay in a test room where they are asked to
conduct certain office-like tasks.

This survey is assumed to complement measurements of the rooms’ physical conditions, as
well as the energy performance of the installed systems as described in the Monitoring
Protocol.

Daylighting systems will normally be more technological and more expensive than
traditional windows. An important part of the test is therefore based on the comparison
between the system in question with a 'neutral' reference system installed in a room
identical to the test room. The question will then be if from the users' view-point the
daylighting system can improve the comfort or working conditions in comparison to a
more traditional solution.

The questionnaire is designed to cover single-, two-, or three-person offices or similar
rooms with window(s) in at least one façade. In order to use it for rooms daylit solely by
rooflights, some of the questions need to be changed.

&RQGLWLRQV�IRU�7HVW�5RRPV

The questionnaire implies that the test rooms are furnished and decorated in such a way
that the test persons will get a feeling of being in a normal ordinary office.

The finishing of the walls and ceiling should be light coloured without any glossy surfaces.
The reflectances should be within the following ranges:

Ceiling: 0.7-0.85  

Walls: 0.6-0.75

Floor: 0.5-0.65

Depending on the size, the rooms should be equipped with 1 to 3 workplaces, each having
a desk, an office chair, and a computer (pc). The side walls should be partly covered with
shelves or bookcases with average reflectances of 0.5-0.6, and one or two neutral posters
on the walls.
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6HOHFWLRQ�RI�WHVW�SHUVRQV

The test persons are selected from among people that are used to do office-like work. They
must, for instance, have some experience in working with computers, and should have no
problems in reading a normal text page within a few minutes. For economical reasons, the
test persons will often be found among students. In any case, it is important that the test
persons make a relatively homogenous group of people, i.e. same age - under 45, and have
approximately the same level of education. This means that even before the testing, some
potential test persons will be ’disqualified’, so that the personal questions in the
questionnaire can be limited to a minimum.

When the test persons come into the test rooms for the first time, the only knowledge they
may have about the look of the test rooms should be based on the information given by the
staff being responsible for the testing. In order to reduce biases caused by the test persons
having or not having experience with the test rooms from previous visits, it is
recommended that all test persons be given a thorough introduction to the tests, including a
brief walk-through of the test rooms before the tests begin.

7KH�VHTXHQFH�RI�WKH�WHVWV

The main experiment is to assess the test persons’ opinion about the system to be tested
(daylighting or lighting control system) in comparison with a more traditional solution.
Each person should go ’directly’ from the test room to the reference room, - or for 50% of
the persons visa versa -, with as short a break as practically possible. This is in order to
obtain (as far as possible) the same sky condition, and a fresh memory/impression from the
first test. It is of course of extreme importance that the sky condition is almost the same
during the whole test.

If both the test room and the reference room are each arranged with two workplaces (called
workplace 1 and workplace 2), there are two comparisons of interest: a) the comparison
between workplaces 2 of the two different rooms and b) the comparison between
workplace 1 and workplace 2 in each of the two rooms. Again, since comparison a) is of
greater interest than b), it is important that each test person switches directly between the
two workplaces 2 of the two rooms. If the sky condition is stable (consistently clear sky or
consistently overcast), it might be possible for each test person to undergo all four tests on
the same day. If the sky condition is unstable and changes after the first tests, comparison
between workplaces 2 of the two rooms may still be possible, while comparison between
workplace 1 and workplace 2 in each of the rooms will probably be meaningless.

For further guidance on the best way to organise series of tests in test rooms, please consult
the document: 3RVW�RFFXSDQF\�HYDOXDWLRQ�RI�GD\OLJKW�LQ�EXLOGLQJV by Staffan Hygge, Hans
Allan Löfberg.
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7LPLQJ�RI�WDVNV�GXULQJ�WKH�7HVW

The duration of a full one person test in the test rooms and in the reference room is
assumed to take about 60 minutes, according to the following plan:

Time,
minutes

Activity Room 1 Time,
minutes

Activity Room 2

-5-0 Introduction to test

0 Test begins

1-2 Read introduction

3-4 Part 1, personal, room 1 30-35 Get accustomed to room 2

5-7 Part 2, about room, room 1 35-37 Part 2, about room, room 2

8-28 Part 3, conduct tasks,
Fill in questionnaire, room 1

37-53 Part 3, conduct tasks,
Fill in questionnaire, room 2

55-60 Comparison of rooms
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4XHVWLRQQDLUH�RQ�OLJKWLQJ�LQ�ZRUNLQJ�VSDFHV

These lines should already have been filled in by the staff Person ID:

Date:

Time:

,QWURGXFWLRQ
This questionnaire is used for the assessment of people’s opinions on daylighting systems, artificial
lighting systems and lighting control systems installed in test rooms. The survey complements
measurements of the physical conditions, as well as the energy performance of the installed
systems.

Please complete the questionnaire as you are instructed, and be frank and honest in your answers.
Do not hesitate to consult the staff if you have any questions or doubts. Your personal opinion is
of great interest to us, and will remain unrevealed to others than the scientific personnel taking
care of the statistics.

%HIRUH�ILOOLQJ�LQ�WKH�4XHVWLRQQDLUH
Before starting, we want you to familiarise yourself with the room. Just sit back, look around and
feel relaxed for a couple of minutes.

The questionnaire is simple, so take your time when asked about your opinion regarding what you
experience.

The questionnaire has 3 parts:

Part 1) questions about yourself

Part 2) questions about your general impression of the room

Part 3) questions about the room as a workplace

You have been instructed to perform certain tasks during your stay in the room. These will take
place in Part 3.

After you have filled in the questionnaire (the first time), you will be asked to move to the other
desk in the room and answer the questions in part 2 and 3 again (as seen from the new position).

Finally, after your have given your opinion about the two workplaces in this room, you will be
asked to follow the same procedure in the other room, which has a different window or daylighting
system.

When answering questions           ([DPSOH�                     right
including scales, please
indicate your opinion by setting
one mark on each of the lines

wrong
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���4XHVWLRQV�DERXW�\RXUVHOI

���� 'R�\RX�QRUPDOO\�ZHDU�JODVVHV�RU�FRQWDFW�OHQVHV�ZKHQ�GRLQJ�RIILFH�OLNH�ZRUN"

  Yes

  No

���� $UH�\RX�ULJKW�KDQGHG�RU�OHIW�KDQGHG"

  Right handed

  Left handed

���� *HQGHU

  Female

  Male

���� $JH

   Years

���� 'R�\RX�FRQVLGHU�\RXUVHOI�DV�VHQVLWLYH�WR�EULJKW�OLJKW"

Not
at all

Very 
much

Sensitive
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5RRP�����:RUNSODFH��

���4XHVWLRQV�DERXW�\RXU�LPSUHVVLRQ�RI�WKH�OLJKW�DQG�WKH�URRP

���� ,Q�JHQHUDO��KRZ�GR�\RX�UDWH�WKH�OLJKW�OHYHO�LQ�WKH�URRP"

Low High

The overall light level
of the room

The level on the desk

���� )URP�\RXU�SUHVHQW�ORFDWLRQ��GR�\RX�H[SHULHQFH�DQ\�XQSOHDVDQW
JORRP\��GDUN��DUHDV�LQ�WKH�URRP"

Not
at all

Very
Much

Gloomy areas

���� )URP�\RXU�SUHVHQW�ORFDWLRQ��GR�\RX�H[SHULHQFH�DQ\�XQSOHDVDQW
EULJKW�DUHDV�LQ�WKH�URRP"

Not
at all

Very
Much

Bright areas

���� :KHQ�\RX�DUH�ORRNLQJ�RXW�RI�WKH�ZLQGRZ�V���LV�WKH�YLHZ�UHVWULFWHG
E\�DQ\�RI�WKH�IROORZLQJ�HOHPHQWV"

Low High

By the window size

By the daylighting system

By the shading devices/curtains

���� :KHQ�ORRNLQJ�XS�IURP�WKH�GHVN��GR�\RX�IHHO�DQ\�JODUH"

Not at
all

Very
much

When looking straight forward

When looking towards the
window
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���� :KDW�LV�\RXU�JHQHUDO�LPSUHVVLRQ�RI�WKH�URRP"��

Pleasant Unpleasant

Interesting Monotonous

Like Dislike

Light Dark

Evenly lit Unevenly lit

Spacious Cramped

Bright Dim

Calm Noisy

Informal Formal

���4XHVWLRQV�DERXW�WKH�OLJKW�DQG�WKH�URRP�IRU�D�ZRUNSODFH

Now, we want you to do a little work for us. Before answering any of the following questions, we
kindly ask you to read the papers marked A1-1 and B1-1, and then retype the text on the computer
screen. When reading the papers, please leave them flat on the desk. We will be interested in
knowing if you experience any problems with reflections or lack of contrast in some of these
working materials. In the papers A and B there are some errors. Please mark those you find.

Tick the following boxes, as you go along:

1RZ��,�KDYH�UHDG�WKH�WH[W�RI�WKH�SDSHU�PDUNHG��$����

1RZ��,�KDYH�UHDG�WKH�WH[W�RI�WKH�SDSHU�PDUNHG��%����

1RZ��,�KDYH�W\SHG�LQ�WKH�WH[W�RQ�WKH�VFUHHQ�

Now, to the questions:

���� 'LG�\RX�IHHO�GLVWXUELQJ�UHIOHFWLRQV�LQ�DQ\�RI�\RXU�ZRUNLQJ�PDWHULDO�"

Not at
all

Very
much

In paper A, on your desk

 In paper A, on your desk

In the VDU screen

                                                
2 This list can be extended.
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���� 'LG�\RX�H[SHULHQFH�GLIILFXOWLHV�FRQFHUQLQJ�WKH�YLVLELOLW\�RI�WKH�WH[W
LQ�DQ\�RI�\RXU�ZRUNLQJ�PDWHULDO�"

Not at
all

Very
much

Paper A, on your desk

 Paper A, on your desk

The VDU screen

���� 'XULQJ�\RXU�VWD\�LQ�WKLV�URRP��KDYH�\RX�EHHQ�XQFRPIRUWDEOH�ZLWK
DQ\�RI�WKH�IROORZLQJ�LQGRRU�FOLPDWH�FRQGLWLRQV"

Not
at all

Very
much

High temperature

Low temperature

Draft

Odour

Dust

Noise

���� 'XULQJ�\RXU�VWD\�LQ�WKLV�URRP��GLG�\RX�H[SHULHQFH�DQ\�QHHG�WR�DGMXVW�WKH�VRODU�VKDGLQJ"

  Yes

  No

���� ,I�\RX�VKRXOG�ZRUN�IRU�D�ORQJHU�WLPH�XQGHU�FRQGLWLRQV�VLPLODU�WR�WKH�RQHV�H[SHULHQFHG���
GXULQJ�\RXU�VWD\�LQ�WKLV�URRP��ZRXOG�\RX�WXUQ�RQ�DQ\�RI�WKH�HOHFWULFDO�OLJKW"

Yes       May be No

The desk light

The general lighting in the ceiling
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5RRP����:RUNSODFH��

���4XHVWLRQV�DERXW�\RXU�LPSUHVVLRQ�RI�WKH�URRP���ZRUNSODFH��

Same questionnaire as part 2, but now in Room 2.

���4XHVWLRQV�DERXW�WKH�URRP�DV�D�ZRUNSODFH���ZRUNSODFH��

Same questionnaire as part 3, but with different sheets of papers, now marked A2-1 and B2-1,
respectively, and with a new text on the computer screen.

���&RPSDULVRQ�RI�URRPV���ZRUNSODFH��

You have now given your opinion of the two rooms. Now we want you to make a more direct
comparison between the two rooms. We kindly ask you to walk freely in between the two rooms
and compare workplace 1 of both of the rooms. Sit down, and see how you feel about the working
place. Is there anything you particularly like or dislike?

We want you to take your time, when answering the following questions.

���� :KLFK�URRP�ZRXOG�\RX�SUHIHU�WR�ZRUN�LQ��ZKHQ�\RX�FRPSDUH�ZLWK�UHVSHFW�WR�

Prefer
Room 1

Prefer
Room 2

  I am
 not sure

  The general impression of the room

  The view out through the window

  The light distribution in the room

  ..??

���'R�\RX�H[SHULHQFH�DQ\�RWKHU�GLIIHUHQFH�EHWZHHQ�WKH�WZR�URRPV�"

  Yes

  No

  If yes, please indicate what:

Thank you very much for your time and co-operation!
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5RRP����:RUNSODFH��

&RPPHQW��7KLV�SDUW�RI�WKH�WHVW�VKRXOG�SUREDEO\�EH�FRQGXFWHG�RQ�D�GLIIHUHQW�GD\��RU�DW�OHDVW�ZLWK�D
SDXVH����KRXU��DIWHU�WKH�ILUVW�WHVW��7KH�FRPSDULVRQ�RI�RQH�WHVW�SHUVRQ
V�HYDOXDWLRQ�RI�ZRUNSODFH���DQG
ZRUNSODFH���RI�WKH�VDPH�URRP�ZLOO�RI�FRXUVH�EH�ZHDN�LI�WKH�VN\�FRQGLWLRQV�DUH�QRW�VLPLODU�IRU�WKH�WZR
WHVWV��EXW�WKHUH�ZLOO�VWLOO�EH�D�ORW�RI�XVHIXO�LQIRUPDWLRQ�RQ�KRZ�WKH�SHUVRQ�MXGJHV�WKDW�SDUWLFXODU�URRP�

���4XHVWLRQV�DERXW�\RXU�LPSUHVVLRQ�RI�WKH�URRP���ZRUNSODFH��

Same questionnaire as part 2, but now seen from workplace 2.

���4XHVWLRQV�DERXW�WKH�URRP�DV�D�ZRUNSODFH���ZRUNSODFH��

Same questionnaire as part 3, but with different sheets of papers, now marked A1-2, B1-2,
respectively, and a different computer task.

5RRP����:RUNSODFH��

���4XHVWLRQV�DERXW�\RXU�LPSUHVVLRQ�RI�WKH�URRP���ZRUNSODFH��

Same questionnaire as part 2, but now seen from workplace 2.

����4XHVWLRQV�DERXW�WKH�URRP�DV�D�ZRUNSODFH���ZRUNSODFH��

Same questionnaire as part 3, but with different sheets of papers, now marked A2-2, B2-2,
respectively, and a different computer task.
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Appendix F: Reflectance measurements

by Maurice Aizlewood, Building Research Establishment and Jens Christoffersen, Danish
Building Research Institute

Reliable reflectance readings can be difficult to produce. It is therefore important to find
the most suitable conditions in which readings can be taken or to reduce the errors if
conditions are unsuitable. The reflectance readings should be taken in the laboratory lit
only by diffuse natural lighting. The reflectance measurement methods described apply
only to matt diffuse surfaces. Reflectance values of significant interior surfaces should be
superimposed onto a fish-eye photograph of the interior.

Measurements of the sample should commence once the light levels are stable. To take
measurements a luminance meter and an illuminance meter are needed. Both meters should
be recently calibrated. The basic set of measurements is:

0HWKRG����,OOXPLQDQFH���OXPLQDQFH

Place the illuminance meter as close to the point of measurements as possible, without
casting any shadows over the point of measurement. Move directly above the sample and
aim the luminance meter down at 90° to the sample. Inevitably this will produce some
shadows over the sample but in a diffusely lit environment the illumination of the sample
will remain substantially uniform. Care should be taken to stand in a similar position for all
readings. If possible the luminance meter could be mounted on a tripod and this position
held. Focus the luminance meter to the correct distance. When both meters are set up take
the readings simultaneously, this is so that the conditions cannot change between the two
readings. The following equation can be used to calculate the reflectance from the two
readings:

(
/

�5�
πρ ⋅=

ρ (R) is the reflectance

L is the luminance [cd/m2]

E is the illuminance [lux]

0HWKRG����/XPLQDQFH���OXPLQDQFH

This method involves using a sample whose reflectance is known and another that has an
unknown reflectance. The sample whose reflectance is known can be a matt white disc
with an accurately known reflection factor. Use the luminance meter (as in method 1) to
record values for both the known and the unknown samples (cautiousness should be
accounted for by not moving the meter between readings and also not to shadow the
sample). The reflectance value of the unknown sample can be determined by:
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ρρ
NQRZQ

NQRZQ

XQNQRZQ

XQNQRZQ

/
/ ⋅=

ρunknown is the reflection value of the examined surface

ρknown is the reflection value of the known reference surface

Lunknown is the luminance of the examined surface [cd/m2]

Lknown is the luminance of the known reference surface [cd/m2]

Caution should be taken when measuring the reflectance of strongly coloured surfaces
since it depends heavily on the spectral distribution of the illuminant and on the V(λ)
response of the measuring instrument. The methods discussed give no spectral information,
and other techniques may be necessary if strong colours are present. Polished surfaces must
be measured with care, as a mirror reflection can distort the results completely. It is
suggested that if specular effects are significant, another technique or a gonioreflectometer
should be used.
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Appendix G: Glazing transmittance
measurements

The glazing transmittance should be measured only under an overcast sky. The two
methods proposed cover both the hemispherical and normal transmittance of diffuse
daylight and should commence once the exterior light levels are fairly stable and the sky is
completely overcast. To take the measurements both a luminance meter and an illuminance
meter are needed. The two basic methods are:

0HWKRG����+HPLVSKHULFDO�WUDQVPLWWDQFH��τGLIIXVH�

Place the illuminance meter on the outside glass pane and take the reading. As quickly as
possible move the illuminance meter inside approximately 1 cm from the internal glass
pane and take the final reading [Berrutto 1995]. Repeat the measurements several times.
The following equation can be used to calculate the hemispherical transmittance (τdiffuse)
from the two readings:

(
(

H[WHULRU

HULRULQW
GLIIXVH =τ

Another possibility is to take simultaneous readings with an exterior vertical sky
illuminance sensor before it is screened from ground-reflected light and an interior sensor
as described above. Care should be taken when using this method, since the window
surroundings and exterior obstructions can influence the readings.

0HWKRG����1RUPDO�WUDQVPLWWDQFH��τ⊥�

Point the luminance meter perpendicular (acceptable range ± 30°) to the glass pane and
take the luminance reading of an opposite patch of the sky or a diffuse part of a building
façade (avoid trees) [Berrutto 1995]. It is essential that the luminance value of the reading
be fairly high to reduce the influence of the light reflected from the inner glass pane. As
quickly as possible open the window and take the final luminance reading at the exact
same point. Repeat the measurements several times. Care should be taken to stand in a
similar position for all readings. If possible, to hold this position, the luminance meter
could be mounted on a tripod. The normal glazing transmittance value (τ⊥) can be
determined using the following equation:

/

/

JOD]LQJZLWKRXW

JOD]LQJZLWK=⊥τ

If the proposed methods for measuring the glazing transmittance are not practical to carry
out due to difficulties in opening the windows or making the exterior measurements, it will
be necessary to rely on the manufacturers’ specifications, which is not desirable.
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Appendix H: Description of the monitoring

Changes before the monitoring started (in comparison to the situation described in the
descriptive document):

……………………………………………………………………………………………..
……………………………………………………………………………………………..

7\SH�RI�PRQLWRULQJ�

q Short-term monitoring (dates: ....................................................................................)
q Long-term monitoring (from .............................................. to ...................................)

q Unoccupied test rooms
q Occupied test rooms

/HYHO�RI�PRQLWRULQJ�

'D\OLJKWLQJ�V\VWHP

q Realise a higher illuminance level on the work plane
q Realise a higher uniformity on the work plane
q Reflect direct sunlight
q Increase the surrounding luminances (walls)
q Increase the surrounding luminances (ceiling)
q Maintain user acceptance

'D\OLJKW�UHVSRQVLYH�DUWLILFLDO�OLJKWLQJ�FRQWURO�V\VWHP

q Maintain the design illuminance
q Decrease the electrical energy consumption for artificial lighting
q Maintain user acceptance

:HDWKHU�FRQGLWLRQV�

Date Weather condition
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3LFWXUHV�PDGH�

No. Date - Time

Changes after the monitoring took place:

……………………………………………………………………………………………..
……………………………………………………………………………………………..


